Sensorineural hearing loss is a common side effect in patients who undergo radiotherapy for the treatment of cancer tumors in the head and neck. In fractioned doses of radiotherapy, in the majority of intracranial tumors, the cochlea is the most affected organ. In addition to the cochlea, the mandible and the parotid glands are also exposed to radiation, which commonly leads to Osteoradionecrosis of the mandible and Xerostomia. In the head and neck regions, this can be complicated by the semi-independence of the positioning in this region, as regards the rigid cranium, connected to the semi-rigid mandible, and successive levels of the upper cervical spine and thoracic spine, which can lead to uncertainty in rotation as well as in head-neck movements, both up and down and side to side. The present study performed an intercomparison of the doses applied through four radiotherapy planning techniques for the neuroaxial regions of the cochlea, mandible, and parotid glands, considering the changes carried out in each planning technique, including the protective shield, the angulations gantry and the field size. The results obtained by applying the half beam and angled field techniques varied in the cochlea by an average of 113.8% from the prescribed dose, whereas when applying the angled field technique with and without the mobile gap, the results varied in 104.5%. In the mandible, the half beam and angled field techniques showed that the dose varied an average of 16.5%, while in the techniques with and without the mobile gap, the variation showed an average of 116.4%. These values were also received by the parotid glands, which overlap the mandible. It can therefore be concluded that the protection shields of the first two techniques were less efficient in protecting the mandible due to its modeling.
INTRODUCTION
In radiotherapy (RT), it is expected and accepted that in part of the treatment some of the normal tissue will undergo side effects and/or complications, so long as the normal tissues have received a dose at the same level as the dose applied to the tumor. The side effect is normally less harmful and temporary. Complications can arise in a shorter period of time and may be either acute or late and chronic. The side effect can be considered acceptable if the application frequency in patients is high, while complications are only considered acceptable if they occur with lowfrequency applications [1] .
Sensorineural hearing loss is a common side effect in patients who undergo RT for the treatment of cancer tumors in the head and neck. In the fractioned doses of RT, in the majority of intracranial tumors, the cochlea is the most affected organ. This is an important consequence of therapy for children with intracranial diseases, including medulloblastoma [3] . For Moeller B.J. [4] RT and chemotherapy are the greatest causes of ototoxocity in children with medulloblastoma.
RT can damage the cochlea and/or acoustic nerve, leading to sensorineural hearing loss (SNHL-PASN), which is defined by the significant increase in the bone conducting transducer (BCT), essential in the frequency of human speech with long-term impacts, in turn compromising the patient's quality of life [5] .
Bhandare N. [5] suggests limits in the Dose-Volume (when possible, but maintaining the desired region covered), for which they recommend:
(1) In conventionally fractioned RT, the average dose to the cochlea must be limited to ≤ 45 Gy (or to a more conservative limit of ≤ 35 Gy) to minimize the risk of PASN. To block the PASN, the dose to the cochlea must be kept as low as possible.
(2) In stereostatic radiosurgery (SRS) in the treatment of vestibular sarcoma (VS), the prescribed dose must be limited to 12-14 Gy to preserve the patient's hearing.
A hypofraction scheme is suggested for VS to establish tumor control and preserve the patient's hearing, for which the total prescribed dose is of 21-30 Gy in 3-7 Gy per fraction for 3 to 10 days.
In this region, in addition to the cochlea, other organs are also exposed to radiation, considered at-risk organs, such as the mandibular condyle and the parotid glands, which can lead to the manifestation of Osteoradionecrosis (ORN) of the mandible and Xerostomia.
The changes induced by radiation not only affect the mandible, but also the soft tissue surrounding it [6, 7] . ORN of the mandible is the most serious sequela caused by radiation, as it causes strong pain, fistulas in the oral cavity, and pathological fractures. ORN is defined by the Schwartz classification as an exposure of the bone, which is weakened over a period of three months due to the necrosis of the soft tissue after radiotherapy [6] .
Xerostomia is an important and predominant problem in patients after undergoing RT for head and neck cancers, since the acute and late effects provoked by xerostomia cause difficulty in speech, sense of taste, and even sleeping habits [8] .
In one study carried out by Mebmer [8] , it could be observed that, along with xerostomia, other collateral effects of irradiation, such as dysguesia, which influences the patient's life over the long term, can worsen after five years.
RT has played an important role in the treatment of patients with head and neck cancers, but with the risk of a reduction in salivary production and xerostomia in nearly all patients [9] .
To reduce the incidence of ototoxicity in children, a wide range of methods to reduce radiation levels in the cochlea have been investigated, including the use of three-dimensional conformal radiotherapy (3DCRT), intensity-modulated radiotherapy (IMRT), and the more recent proton therapy [3] .
Ahn H. P. [10] reported that with IMRT and related technologies it is possible to apply the dose with the intention of protecting the normal structures, as well as to increase the conformal dose within the patient. The head-neck and neuroaxial planning techniques serve to protect the parotid glands by creating impacts of xerostomia and dysguesia, as well as preserve the patient's hearing and sense of taste by limiting the dose applied to the cochlea and pharyngeal constrictor muscles.
In the head and neck regions, this procedure may be complicated by the semi-independence of their positioning in this area, with the rigid cranium connected to the semi-rigid mandible and successive levels of the cervical spine and the upper thoracic spine, joined by flexible ligaments, can lead to uncertainty concerning the head-neck rotation as well as their up-and-down and sideto-side movements. The methods of immobilization may not provide an adequate fixation in the interfraction of the patient's position at all levels of the head and neck when applying RT, including the variation in the positions used for rotation and up-and-down and side-to-side movements, and may cause lordosis and scoliosis, thus facilitating the increase in dosage in this region [10] .
The overlapping of the parotid glands upon the mandible and their proximity to the cochlea ( Figure 1 ) make it so that a dose, no matter how small the field may be, reaches the three organs. The present work therefore aims to compare the doses applied by four radiotherapy planning techniques within the neuroaxial regions of the cochlea, mandible, and parotid glands, considering the changes performed in each planning technique as: the protective shield in this region, the angulations gantry, and the field sizes. 
METODOLOGY
To evaluate the techniques, medulloblastoma treatment simulations were performed in four distinct planning techniques, with RT treatment sessions carried out using two distinct linear accelerators, applied in a solid anthropomorphic simulator from the RANDO (Radiation Analog Dosimetry) Dosimetry Laboratory which represents the human body of a woman. The values of each RT planning technique for the positions are described in Table 1 below. In the first and second sessions, the protection used was a shield without lead, whereas in the third and fourth, the protection used was of a shield made of cerrobend alloy. These shields were modeled individually for each patient.
The experimental measurements were carried out using LiF:Mg,Ti (TLD-100) thermoluminescent dosimeters in the form of chips. These dosimeters were treated thermally in a PTW-TLDO annealing oven, manufactured by BICRON-NE, according to the specific parameters necessary for these, and the dosimeter readings were performed using a scanner manufactured by Harshaw-Bicron (model 5500) using synthetic air generated by an air
RESULTS AND DISCUSSION
The results from the dose obtained in the cochlea in the first and second planning techniques are similar and slightly above the dose prescribed in the target volume. In the mandible, the doses are also quite similar and significantly lower than the prescribed dose. The parotid glands received the same doses as the mandibular condyle. In these two planning techniques, the collimator angles were the same on the left and right sides, 11. In the third planning technique, both the dose from the cochlea and the dose from the mandible were above the prescribed dose for the target volume of 1.8 Gy, with values that were quite similar. The angles applied in the collimator were of 171° and 189°, while those in the table were of 5° and 355°. The 2° change in the collimator angle, as compared to the angles in the previous planning techniques, must have provoked a high dose within the mandibular condyle.
In the fourth planning technique, the collimator angles were of 351° and 9°, maintaining the table in the same position as the previous planning technique, and the gap did not oscillate. The doses were slightly lower, but the dose in the mandible remained high. These results can be observed in Table 2 below. As expected, the dose identified in the cochlea was quite high, near the prescribed dose, since it can be found within the irradiation field and in a position that is slightly outside of the brain's [12] found values of 101% of the prescribed dose when applied to irradiation with parallel-opposed lateral fields. However, they perceived that by using the 3DCRT, in which non-coplanar fields were used, the dose in the cochlea can be found at approximately 65% of the prescribed dose. With this, the long-term complications of ototoxicity can be reduced, since the use of CRT allows for a better localization of the tumor and a reduction in the target volume, in addition to allowing for the normal structures to be "released".
Another study [12] showed that, in adult patients with nasopharnyx cancer, a significantly higher incidence of hearing loss could be observed for absorbed doses of above 50 Gy in the cochlea, as compared to lower doses. By contrast, Leach [11] , analyzing a similar group of patients, had already reported that hearing loss could occur in patients who received a dose of 30 Gy or above.
Considering the average values of doses/day evaluated in the present study, it could be observed that after 20 normally prescribed exposures, the patients who were submitted to the first two planning techniques would receive a dose in the cochlea region of nearly 34.2 Gy, while in the third and fourth, the patient commonly received a dose of around 37.6 Gy.
Nevertheless, Hus [2] carried out a study based on the longitudinal audiometric test (over a 6-month period) to determine the incidence and degree of hearing loss (average of 5 years) in a group of child patients undergoing radiotherapy for the treatment of head and neck cancers. The threshold of audiometry provided the quantitative measurement of the hearing damage through variations in the frequency from 250 to 8,000 Hz, and hearing loss after having received from 35 to 50 Gy in the cochlea region. With these results, the authors suggest that the dose received in the cochlea should be minimized and that the localization of the target volume should be improved, which can be achieved by applying highly conformed planning and distribution techniques, such as IMRT or radiation therapy that generates proton beams.
In the mandible, the doses diverge greatly between the two first planning techniques and the two final planning techniques. This difference can be attributed to the position of the table and the collimator angle. Hermans [13] reports that the breathing, taste, and speech can be severely compromised by mandibular necrosis. The mandible is a compact bone with a surface position.
Its high grade of calcium can lead to the spreading of radiation, in turn causing relatively higher damage to the endosteum cells, blood vessels, and the periosteum. The detection of a similar change in the bone on the contralateral side of the mandible increases the possibility of osteoradionecrosis. Contralateral osteoradionecrosis can be observed because many of the patients are commonly irradiated by opposing fields to reduce the dose on the entrance side.
Osteoradionecrosis of the mandible (OM) is a serious late complication of irradiation in high doses. The numbers published as regards the incidence of OM vary within an interval of <1% to >50%. The relation between the total dose using the conventional fractioning and the risk of OM is well-known. The dose of < 60 Gy using the fractioned model is rare, and a higher risk increases after 66 Gy [14] .
It is important to emphasize that the doses in the mandible evaluated in this study resulted from the mandibular condyle region. The molar regions are the most common regions of complications in the mandibular bones; however, the condyles are a part of the temporary mandibular articulations that can be affected by fibroses and dysfunctions after irradiation.
Jereczek-Fossa [15] affirms that a single dose is not enough to be representative of the dose in the mandibular region. In this author's work, many points of the mandible that received doses of higher than 74.4 Gy during treatment were evaluated, and no late complications were reported to have occurred in the bone.
Considering that for the treatment of medullobastoma the prescribed dose is, on average, 65 Gy and the mandible is protected by protective shields, the dose in this region is minimal. However, the mandibular condyle region may continue to be exposed, as occurred in the third and fourth planning techniques, where, although the results were high, the total value of the doses in one treatment failed to reach to the critical value, given that the boost in treatment doses was carried out by excluding the mandibular region.
The parotid glands received the same doses as the mandibular condyle, since they are both located on the sides, covering part of the mandibular condyle. Dirix P. [16] affirmed that xerostomia is the most common complication resulting from RT applied to treat head and neck In a study by Chambers M [17] , after a dose of 10 Gy, the patients had indeed developed a 50% reduction in the salivary flow. Upon receiving 50 Gy, the patients maintained only 10% of their salivary flow, and some patients did not recover their salivary functions. Chambers M [17] defined the radiation tolerance, setting the minimum tolerance of a 5/5 dose (tumor dose causing 5% of the rate of complications over a 5-year period) with 30 Gy, and the tolerance of a 50/5 dose with 50 Gy. Chambers M. [17] also reported a higher rate of xerostomia in patients whose parotid glands were irradiated with 40 Gy, but reported an insignificant rate in patients who received doses of less than 14 Gy. Thus, the dose tolerance of the glands can be found somewhere within this range.
CONCLUSION
The RT planning techniques for the treatment of neuroaxial, head, and neck regions must be performed more frequently with techniques that promote the preservation of organs that surround or overlap the tumor, such as the cochlea, the mandibular condyle, and the parotid glands.
In the present work, in the first two planning techniques, the doses in the cochlea region were slightly above the prescribed dose to treat the tumor, while the mandible received, on average, 16% of the prescribed dose. In the third and fourth planning technique, the doses were above the prescribed dose to treat the tumor both in the cochlea as well as in the mandible, especially in the third planning technique, where the dose was 18% higher than the prescribed dose. This result may well have occurred due to the variation in the collimator angle, which in the first two planning techniques was 11º and in the last two was 9º. In addition, in the first and second planning techniques, protective shields without lead were used, while in the third and fourth planning techniques, the modeling was carried out using shields made of cerrobend alloy.
